A widely used statistical method to test for genetic association is the transmission disequilibrium test (TDT) using two parent-proband trios. West et al 1 have presented evidence from clinically ascertained ADHD families that children from trios were less likely to have DSM-IV combined subtype ADHD and conduct disorder. They suggest that the exclusion of parentproband duos could reduce the power of the TDT and similar tests to detect susceptibility genes for this subtype of ADHD. We sought to test this hypothesis in a population-based sample of twin families, while controlling for the effects of other proband and family characteristics in a multivariant logistic regression framework using both latent class and DSM-IV ADHD subtype definitions. For both latent class and DSM-IV defined combined and inattentive ADHD, sex of the proband and comorbid conduct disorder or oppositional defiant disorder, significantly predicted diagnosis. For latent class and DSM-IV defined combined subtype, younger age also significantly predicted ADHD subtype. Latent class and DSM-IV defined combined subtype ADHD with comorbid conduct disorder was significantly less common in children from trios while conduct disorder without ADHD did not differ in frequency between families with zero, one or two participating parents.
Family-based genetic association studies using parent offspring trios (two biological parents and one child) have been increasingly employed to avoid possible spurious associations resulting from population stratification in case-control designs. 2 The possible shortcoming of this approach is the assumption that probands with two participating parents are identical to probands with missing parents with respect to causative genetic factors. This problem was first brought to light for bipolar affective disorder by Bruun and Ewald 3 where they found a mean lower age of onset for the trio-based probands compared to case-control probands but only small differences in other characteristics. Schulze et al 4 performed similar analyses of the demographic and clinical characteristics by comparing 122 singleton bipolar patients with 54 bipolar patients derived from parent offspring trios. The singleton bipolar probands demonstrated a higher age of onset, a higher frequency of suicidal behavior, and a higher familial loading of suicidality. They suggested that the genetic mechanisms contributing to bipolar disorder might be different between trio-based and classical case-control samples. Singleton-trio differences were not observed for schizophrenia probands. 5 Following a similar logic, West et al 1 tested whether ADHD probands ascertained from clinics differed on whether one or both parents had participated in DNA collection. They found that compared to children from trios, children from duos showed a significantly higher frequency of DSM-IV combined subtype ADHD and comorbid conduct disorder as well as more conduct disorder symptoms. They concluded that if conduct disorder (CD) comorbid with combined subtype ADHD represented an increased genetic liability, exclusion of duos would reduce the power of the TDT and similar tests to detect susceptibility genes for ADHD. They also suggested that this may be one mechanism for nonreplication in trios of effects detected by case-control studies.
We have reported nonreplications of several ADHD candidate genes including the dopamine transporter gene (DAT) 6 and the dopamine DRD4 receptor gene 7 in a population-based sample of parent-proband trios ascertained from birth records. To test whether the clinical ascertainment influences suggested by West et al 1 pertained to this population-based ascertainment scheme, we tested whether having zero, one or two participating parents impacted the probability of the child having different ADHD subtypes. In an extension of the analyses of West et al, 1 we also tested for the effects of a number of other potentially relevant proband and family characteristics. Since an alternative ADHD nosology based on latent class analysis gives genetically independent ADHD subtypes, 8, 9 we also performed identical analyses on selected latent class ADHD subtypes.
The sample represents a two-stage ascertainment of birth records based twin births where the first stage was a screening interview with mothers for the presence of ADHD symptoms in offspring. 10, 11 Families whose children passed our screening criterion were asked to participate in full diagnostic interviews as were a group of randomly ascertained families. The family-wise completion rate for the screening interviews was 94% (5000 of 5913 twin births) and for the in-depth parent interviews about the twins was 65.1% (820 of 1259 families). Tests for the effects of sibship size, number of cooperative parents and other proband characteristics on phenotype were analyzed for parent interviews on 1640 child and adolescent twins. Our measure of parent cooperation was providing a personal blood sample and one parent completing diagnostic interviews about their twins. Using these criteria we conducted univariate and multivariate logistic regression analyses for the prediction of latent class and DSM-IV ADHD subtypes. The predictors included sibship size (ranging from 0 to 8 siblings, not including the twins), number of cooperative parents (zero, one or two), sex of the twin, zygosity of the twin, comorbid CD or oppositional defiant disorder (ODD) and age of the twin at interview. In all, 25 families had no participating parents, 199 families had one participating parent, and 596 families had two cooperating parents.
For univariate analyses, male sex (odds ratio (OR) ranged from 3.33 to 4.93 with Po0.001) and comorbid CD (OR 7.3-95.4, all Po0.01) or ODD (OR 7.3-48.9, all Po0.0001) were significant predictors of receiving an ADHD diagnosis for all subtypes. Younger age was a significant but small predictor of DSM-IV and latent class defined combined subtype ADHD (OR 1.08-1.15, all Po0.01). Sibship size and proband zygosity were not significant for any group. Having two vs none or one parent participating did not predict DSM-IV or latent class-inattentive ADHD and was a weak, nonsignificant predictor of DSM-IV and latent class defined combined ADHD. For DSM-IV combined subtype ADHD, the OR (795% CI) was 0.72 (0.49-1.06; P¼0.09). For latent class combined subtype ADHD, the OR was 0.74 (0.53-1.06; P¼0.10). Having two vs none or one participating parent did not predict DSM-IV ODD (P¼0.09) but did predict CD (P¼0.002). Mean number of symptoms of ADHD, CD or ODD did not differ by number of participating parents for all ADHD subtypes.
Results of multivariate analyses for DSM-IV primarily inattentive and combined ADHD subtypes and for latent class-defined severe inattention and combined ADHD subtypes are shown in Table  1 . As would be predicted, sex of the twin remained a significant predictor in all analyses with the probability of having ADHD being lower for females (Po0.0001). For analyses of both latent class and DSM-IV combined subtype ADHD, younger age remained a predictor of receiving a diagnosis (Po0.0001). Comorbid CD or ODD was the largest predictors for all ADHD subtypes. When covarying for other predictors, having a missing parent was not a significant predictor of ADHD subtype per se. We then tested whether comorbid ADHD was significantly less common in two-parent families. There were significantly fewer comorbid cases of latent class (OR¼0.30, Po0.01) and DSM-IV defined (OR¼0.39, Po0.01) combined subtype in two-parent families, but no differences for inattentive ADHD subtypes.
These results, using a birth-record ascertained sample of singletons, parent-child duos and twoparent child trios confirm and extend those of West et al. 1 Children with inattentive subtype ADHD were not more likely to have a missing parent whether or not they had comorbid CD or ODD. When controlling for other factors, there was no evidence for an increase of DSM-IV combined ADHD subtype per se in duos vs trios. However, there was a lower prevalence of combined subtype ADHD comorbid with CD in trios. Interestingly, there were no significant differences in CD without ADHD by number of participating parents. The lack of parent number effects for inattentive forms of ADHD is particularly striking since we had 120 DSM-IV primarily inattentive cases vs 15 in the West et al 1 sample, reflecting a major difference between population and clinic-based sampling.
As pointed out by West et al, 1 greater severity of phenotype in the proband may induce family tensions resulting in family disruption. As also pointed out by these authors, they could not exclude the possibility that the difference between duos and trios was a methodological artifact, for example, mothers from duos reporting higher symptom scores in their children due to lack of support, etc. It may also be true, however, that families with a missing or uncooperative parent are more likely to be referred to clinics owing to an inability of the primary parent to cope with their child's mental health problems. If this is coupled with higher reporting of symptoms in children by distressed parents, this may result in different distributions of symptoms between one-and two-parent cooperative families in clinic-ascertained samples. Given the current results using a populationbased sample, this latter effect seems unlikely. Since from a population perspective ADHD is a common disorder both in total and with respect to its individual subtypes, 8, 12, 13 it appears that many of these potential problems can be minimized or avoided by using population-based sampling for both case-control and family-based control designs.
Finally, these results bear discussion about the proposal of West et al, 1 that differences in significance levels for case-control and trio-based studies of candidate genes in ADHD may be secondary to exclusion of more genetically meaningful phenotypes from complete parent-child trio sampling designs.
Given the convergence of findings for clinic and population-based samples, this is a real concern for combined subtype ADHD. Based on sibling recurrence rates in clinic-based samples, ADHD with comorbid conduct disorder has been proposed to be a more familial subtype.
14 Since DSM-IV defined combined subtype ADHD represents the great majority of participants in current candidate gene and linkage studies, to the degree these study designs rely on complete parent genotype information, the power to detect genes associated with this ADHD subtype may be reduced by the under representation of the comorbid condition. In contrast, there is no evidence to support a similar concern for genetic studies of inattentive ADHD.
Methods

Sample
The data for this study were collected as part of a twostage sampling strategy to identify an epidemiologically representative sample of twins age 7-17 years in All standard errors were computed using the Huber and White robust estimator to correct for familial clustering. The Wald w 2 statistic provides a global test of the null hypothesis that the model with all of the independent variables included is not better than one without any independent variables (ie, that all coefficients are zero). Definition of the independent variables: Sibship size¼number of siblings (excluding the twins) in the family (range 0-8). This variable is coded such that the negative coefficients indicate that the larger the sibship size, the lower the probability that the twin is a case. Parents¼number of parents who allowed blood to be drawn for genetic analysis, an indicator of participation (range 0-2). This variable is coded such that the negative coefficients indicate that if both parents participated, the lower the probability the twin is a case. Sex¼male or female (coded 1 for male, 2 for female). This variable is coded such that the negative coefficients indicate that females are less likely to be a case. Zygosity¼MZ or DZ (coded 1 for MZ, 2 for DZ). This variable is coded such that the positive coefficients indicate that DZs are more likely to be a case. Age¼age of twin in years at time of parent interview. This variable is coded such that the negative coefficients indicate that the older twins are less likely to be a case. ODD¼oppositional defiant disorder (DSM-IV). This variable is coded such that positive coefficients indicate a higher probability the twin is a case. CD¼conduct disorder (DSM-IV). This variable is coded such that positive coefficients indicate a higher probability the twin is a case.
which one or both twins had DSM-IV defined ADHD (described in detail in Todd et al.
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) Families who completed all or part of the diagnostic interviews did not differ from nonparticipating families on a wide range of demographic variables. For the current analyses, data on all contacted families in which child diagnostic information was collected were included. This resulted in analysis of parent interviews on 1620 child and adolescent twins. The sample was 37.6% female, 14.3% African-American and 84% European-American (approximately 1.5% other minorities). In all, 75% of families had both parents living at home. For DSM-IV ADHD subtypes (n¼231 total cases), 1389 had no diagnosis, 88 were combined subtype, 120 were primarily inattentive subtype and 23 were primarily hyperactive/impulsive. For latent class defined ADHD subtypes, 871 were in the few symptoms class, 125 were in the severe combined class, and 101 were in the severe inattention class. There were 56 cases of CD and 107 cases of ODD. The number of comorbid ADHD and CD cases was 26, 11, 31 and five for DSM-IV combined and inattentive and for latent class combined and inattentive subtypes, respectively. Similarly, the number of comorbid ADHD and ODD cases was 32, 24, 39 and nine.
Participation of parents was defined as completing the diagnostic interview about the twins and providing a blood sample. In total, 92% of mothers and 77% of fathers participated. In all, 25 families had zero participating parents, 199 families had one participating parent and 596 families had two participating parents. In all, 75% of missing parents were fathers. The main reasons for having a missing parent (n¼249) were that the father was currently incarcerated (6.6%), the parent was deceased (26.3%), the parent could not be located (19.8%), mother requested that the missing father not be contacted (7.8%) and the missing parent refused to have their blood collected (39.5%). No diagnostic information about the parents or parent-child interactions was directly collected.
DSM-IV diagnoses and latent class ADHD subtypes were assigned by algorithm as described in Rasmussen et al.
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Data analysis Family and proband characteristics described above were included in univariate and multivariate logistic regression analyses to determine predictors of selected latent class and DSM-IV ADHD subtype membership. All standard errors were computed using the Huber-White robust estimator to correct for familial clustering. The Wald w 2 statistic was used to provide a global test of the null hypothesis that the model with all the independent variables included was no better than one without any independent variables (ie, that all estimated coefficients were equal to 0). For each multivariate logistic regression OR (795% confidence limits) and probability levels are shown in Table 1 for each predictor estimate. DSM-IV primarily inattentive and combined ADHD subtypes were compared to no DSM-IV ADHD. Latent class severe inattentive and severe combined subtypes were compared to the few symptoms latent class (which contained no DSM-IV ADHD cases). Due to the few observed cases, primarily hyperactive/impulsive ADHD was not analyzed.
